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ELLIPTICAL LOCATINGAPPARATUS 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. The present disclosure is related to the following 
patent application entitled "Angled Locating Apparatus’, Ser. 
No. attorney docket no. 09-0164; filed even date 
hereof, assigned to the same assignee, and incorporated 
herein by reference. 

BACKGROUND INFORMATION 

0002 1. Field 
0003. The present disclosure relates generally to manufac 
turing and, in particular, to assembling parts to form struc 
tures. Still more particularly, the present disclosure relates to 
a method and apparatus for aligning parts using holes. 
0004 2. Background 
0005. In manufacturing aircraft, parts may be assembled 

to form the different structures for the aircraft. The assembly 
of parts may include, for example, without limitation, attach 
ing skin panels to spars, ribs, Stringers, and/or other structural 
components. 
0006. In attaching parts to each other, holes may be present 
in the parts for installing fasteners to attach the parts to each 
other. Further, holes also may be present to provide alignment 
of parts to each other in an assembly. 
0007 For example, without limitation, when multiple part 
holes are present in each part in assembly, these holes may be 
used to align the parts to each other. This type of alignment 
also may be referred to as self locating. This alignment may 
align a first part with a second part. In each part, one hole in 
the first part may be aligned with one hole in the second part. 
0008. These holes may be referred to as the primary holes. 
The other hole in the first part may be aligned with the other 
hole in the second part. These holes may be used to provide a 
desired orientation of the first part with respect to the second 
part. These holes may be referred to as secondary holes. The 
secondary holes may provide alignment to an identified loca 
tion in the direction that stops rotation about the primary 
holes. 
0009. In manufacturing holes in parts, variances may be 
present with respect to various parameters for holes. These 
variances may include, for example, without limitation, hole 
size, hole orientation, hole location, and/or other types of 
parameters with respect to holes. When using holes to estab 
lish relative locations of parts to each other, variations in hole 
locations on each of the objects may prevent the holes from 
perfectly aligning with each other. 
0010 For example, when assembling parts, alignment of 
the parts using the holes may be performed by passing a pin 
through a primary hole in all of the parts. The insertion of this 
pin through the primary holes may establisha common axis or 
origin for the parts. Another pin may be inserted through the 
secondary holes. This second pin may prevent rotationaround 
the common axis of the primary holes. The second pin may 
provide alignment of the different parts to each other about 
the common axis. The second pin also may be referred to as a 
locating pin. 
0.011 Variation in the locations of the centers of the holes 
may result in the secondary holes not being perfectly aligned 
when positioning parts with respect to each other. With this 
situation, the locating pin in the secondary holes may need to 
have a smaller diameter than the diameters of the holes to be 
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able to insert the locating pin into the secondary holes. This 
Smaller sized locating pin may not locate the secondary holes 
in the desired direction with sufficient accuracy to stop rota 
tion about the axis of the primary holes. 
0012. As a result, the different parts may potentially rotate 
relative to each other. This rotation may be an amount that is 
as much as the clearance between the hole sizes and the size 
of the locating pin. This potential movement may result in a 
difference in the desired location between the parts in the 
assembly and the actual location of the parts. 
0013 Therefore, it would be advantageous to have a 
method and apparatus that takes into account one or more of 
the issues discussed above, as well as possibly other issues. 

SUMMARY 

0014. In one advantageous embodiment, a method may be 
present for aligning a plurality of objects. A locating pin may 
be positioned relative to secondary holes in a plurality of 
objects. The locating pin may comprise a segment with a 
cross section having an elliptical shape, a Surface, and an 
indicating feature associated with the segment. The locating 
pin may be inserted into the secondary hole, wherein a num 
ber of portions of the surface align the secondary holes to 
align the plurality of objects. 
0015. In another advantageous embodiment, a method 
may be present for aligning objects. A locating pin may be 
positioned relative to secondary holes in a plurality of objects. 
The locating pin may comprise a segment and an indicating 
feature associated with the segment. The segment may have a 
cross section with an elliptical shape and a Surface. The seg 
ment may be tapered from a first end of the segment to a 
second end of the segment. The second end may have a shape 
selected from one of a bullet shape and a conical shape. The 
indicating feature may be configured to indicate a direction in 
which the Surface aligns the secondary holes. A diameter of 
the locating pin may have a major diameter and a minor 
diameter. A number of portions of the surface may be formed 
by the major diameter. The major diameter of the cross sec 
tion at around the first end may be configured to be inserted 
into a largest secondary hole in the secondary holes, and the 
minor diameter of the cross section at around the second end 
may be configured to be inserted into a portion of a channel 
having a smallest diameter in the channel formed by the 
secondary holes. The locating pin may be inserted into the 
secondary holes, wherein the number of portions of the sur 
face aligns the secondary holes. A first pin may be placed into 
primary holes in the plurality of objects. The locating pin may 
prevent rotation of any of the plurality of objects about a 
centerline axis through the primary holes. A number of opera 
tions may be performed on the plurality of objects with the 
first pin inserted into the primary holes and the locating pin 
inserted in the secondary holes. 
0016. In yet another advantageous embodiment, an appa 
ratus may comprise a segment, a cross section in the segment, 
and a Surface. The cross section may have an elliptical shape. 
The surface may have a number of portions of the surface 
configured to align secondary holes in a plurality of objects 
when the segment is in the secondary holes. 
0017. In still yet another advantageous embodiment, an 
apparatus for aligning objects may comprise a segment, a 
cross section in the segment having an elliptical shape, a 
Surface of the segment, an indicating feature associated with 
the segment, and a pin. The segment may be tapered from a 
first end of the segment to a second end of the segment, and 
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the second end may have a shape selected from one of a bullet 
shape and a conical shape. The cross section in the segment 
may have a major diameter and a minor diameter. The major 
diameter of the cross section at around the first end may be 
configured to be inserted into a largest secondary hole in 
secondary holes in a plurality of objects, and the minor diam 
eter of the cross section at around the second end may be 
configured to be inserted into a portion of a channel having a 
smallest diameter in the channel formed by the secondary 
holes. A number of portions of the Surface may be configured 
to align the secondary holes to align the plurality of objects 
when the segment in a plurality of objects is in the secondary 
holes. The number of portions of the surface may be relative 
to the major diameter. The number of portions of the surface 
may be configured to apply a force on walls of the secondary 
holes to align the secondary holes in a desired direction. The 
segment may be configured to prevent rotation of any of the 
plurality of objects about a centerline axis through primary 
holes in the plurality of objects. The indicating feature may be 
configured to indicate a direction in which the number of 
portions of the Surface aligns the secondary holes. The pin 
may be configured to be inserted into the primary holes in the 
plurality of objects. 
0018. The features, functions, and advantages can be 
achieved independently in various embodiments of the 
present disclosure or may be combined in yet other embodi 
ments in which further details can be seen with reference to 
the following description and drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019. The novel features believed characteristic of the 
advantageous embodiments are set forth in the appended 
claims. The advantageous embodiments, however, as well as 
a preferred mode of use, further objectives and advantages 
thereof, will best be understood by reference to the following 
detailed description of an advantageous embodiment of the 
present disclosure when read in conjunction with the accom 
panying drawings, wherein: 
0020 FIG. 1 is an illustration of an aircraft manufacturing 
and service method in accordance with an advantageous 
embodiment; 
0021 FIG. 2 is an illustration of an aircraft in which an 
advantageous embodiment may be implemented; 
0022 FIG.3 is an illustration of a manufacturing environ 
ment in accordance with an advantageous embodiment; 
0023 FIG. 4 is an illustration of a locating pin in accor 
dance with an advantageous embodiment; 
0024 FIG. 5 is an illustration of a top view of a locating 
pin in accordance with an advantageous embodiment; 
0025 FIG. 6 is an illustration of a side view of a locating 
pin in accordance with an advantageous embodiment; 
0026 FIG. 7 is an illustration of a view of one end of a 
locating pin in accordance with an advantageous embodi 
ment, 
0027 FIG. 8 is an illustration of a cross-sectional view of 
a locating pin in accordance with an advantageous embodi 
ment, 
0028 FIG. 9 is an illustration of a locating pin in accor 
dance with an advantageous embodiment; 
0029 FIG. 10 is an illustration of a top view of a locating 
pin in accordance with an advantageous embodiment; 
0030 FIG. 11 is an illustration of a side view of a locating 
pin in accordance with an advantageous embodiment; 
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0031 FIG. 12 is an illustration of a cross-sectional view of 
a locating pin in accordance with an advantageous embodi 
ment; 
0032 FIG. 13 is an illustration of a cross-sectional view of 
another portion of a locatingpin in accordance with an advan 
tageous embodiment; 
0033 FIG. 14 is an illustration of an object in accordance 
with an advantageous embodiment; 
0034 FIG. 15 is an illustration of an object in accordance 
with an advantageous embodiment; 
0035 FIG. 16 is an illustration of parts for alignment in 
accordance with an advantageous embodiment; 
0036 FIG.17 is an illustration of a cross-sectional view of 
a locating pin in secondary holes in accordance with an 
advantageous embodiment; 
0037 FIG. 18 is an illustration of a cross-sectional view of 
a locating pin in secondary holes in accordance with an 
advantageous embodiment; and 
0038 FIG. 19 is an illustration of a flowchart of a process 
for aligning objects in accordance with an advantageous 
embodiment. 

DETAILED DESCRIPTION 

0039 Referring more particularly to the drawings, 
embodiments of the disclosure may be described in the con 
text of aircraft manufacturing and service method 100 as 
shown in FIG. 1 and aircraft 200 as shown in FIG. 2. Turning 
first to FIG. 1, an illustration of an aircraft manufacturing and 
service method is depicted in accordance with an advanta 
geous embodiment. During pre-production, aircraft manu 
facturing and service method 100 may include specification 
and design 102 of aircraft 200 in FIG. 2 and material procure 
ment 104. 
0040. During production, component and subassembly 
manufacturing 106 and system integration 108 of aircraft 200 
in FIG.2 takes place. Thereafter, aircraft 200 in FIG.2 may go 
through certification and delivery 110 in order to be placed in 
service 112. While in service by a customer, aircraft 200 in 
FIG. 2 is scheduled for routine maintenance and service 114, 
which may include modification, reconfiguration, refurbish 
ment, and other maintenance or service. 
0041. Each of the processes of aircraft manufacturing and 
service method 100 may be performed or carried out by a 
system integrator, a third party, and/or an operator. In these 
examples, the operator may be a customer. For the purposes 
of this description, a system integrator may include, without 
limitation, any number of aircraft manufacturers and major 
system Subcontractors; a third party may include, without 
limitation, any number of Venders, Subcontractors, and Sup 
pliers; and an operator may be an airline, leasing company, 
military entity, service organization, and so on. 
0042. With reference now to FIG. 2, an illustration of an 
aircraft is depicted in which an advantageous embodiment 
may be implemented. In this example, aircraft 200 is pro 
duced by aircraft manufacturing and service method 100 in 
FIG. 1 and may include airframe 202 with a plurality of 
systems 204 and interior 206. Examples of systems 204 
include one or more of propulsion system 208, electrical 
system 210, hydraulic system 212, and environmental system 
214. Any number of other systems may be included. Although 
an aerospace example is shown, different advantageous 
embodiments may be applied to other industries. Such as the 
automotive industry. 
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0043. Apparatus and methods embodied herein may be 
employed during any one or more of the stages of aircraft 
manufacturing and service method 100 in FIG. 1. For 
example, components or Subassemblies produced in compo 
nent and subassembly manufacturing 106 in FIG. 1 may be 
fabricated or manufactured in a manner similar to compo 
nents or subassemblies produced while aircraft 200 is in 
Service 112 in FIG. 1. 
0044 Also, one or more apparatus embodiments, method 
embodiments, or a combination thereof may be utilized dur 
ing production stages, such as component and Subassembly 
manufacturing 106 and system integration 108 in FIG. 1, for 
example, without limitation, by Substantially expediting the 
assembly of or reducing the cost of aircraft 200. Similarly, 
one or more of apparatus embodiments, method embodi 
ments, or a combination thereofmay be utilized while aircraft 
200 is in service 112 or during maintenance and service 114 
in FIG. 1. 
0045. For example, without limitation, one or more of the 
different advantageous embodiments may be used during at 
least one of component and Subassembly manufacturing 106 
and maintenance and service 114 to align objects to each 
other. These objects may be a number of parts and/or a num 
ber of tools. 
0046. As used herein, a number of items refers to one or 
more items. For example, a number of parts is one or more 
parts. As used herein, the phrase “at least one of, when used 
with a list of items, means that different combinations of one 
or more of the listed items may be used and only one of each 
item in the list may be needed. For example, “at least one of 
item A, item B, and item C may include, for example, with 
out limitation, item A or item A and item B. This example also 
may include item A, item B, and item C or item Band item C. 
0047. The different advantageous embodiments recognize 
and take into account a number of different considerations. 
For example, the different advantageous embodiments rec 
ognize and take into account that alignment of primary holes 
for objects may result in difficulty in aligning secondary holes 
that may be used to align the parts to each other relative to an 
axis that may be formed through alignment of the primary 
holes. 
0048. The different advantageous embodiments also rec 
ognize that alignment of the secondary holes to each other 
may be more difficult because of tolerances in the holes. 
These tolerances may include, for example, without limita 
tion, tolerances in size, shape, orientation, and location of the 
holes on the objects. 
0049. The different advantageous embodiments recognize 
that some solutions may be present for solving these prob 
lems. For example, without limitation, when an object is a 
tool, a slotted bushing may sometimes be used. When the 
object is a part, a slotted hole also may be used in some cases. 
0050. The different advantageous embodiments, however, 
recognize and take into account that slotted holes may not 
always be used because of the edge distance and other struc 
tural requirements. Thus, when slotted features cannot be 
used, the different advantageous embodiments recognize that 
other mechanisms may be needed to obtain the desired align 
ment between the parts. 
0051. The different advantageous embodiments recognize 
that a cylindrical pin having a diameter equal in size to the 
diameter of the secondary holes may not be inserted in the 
secondary holes because of variations in the holes. For 
example, some of the secondary holes may have Smaller 
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diameters and/or different locations for the centers of the 
holes. As a result, the secondary holes may have an apparent 
elliptical shape in which a minor diameter is present that may 
be smaller than the hole diameter. As a result, a smaller 
diameter locating pin may be needed to enter the secondary 
holes. This Smaller diameter locating pin may, however, allow 
for undesired movement with respect to the alignment of parts 
with respect to each other. 
0.052 The different advantageous embodiments also rec 
ognize that a round tapered pin may be used in these second 
ary holes. A round tapered pin is a pin that has a diameter that 
may decrease along the length of the pin. This round tapered 
pin, however, when inserted in the secondary holes, may not 
adequately prevent part rotation around an axis in the primary 
holes. The round tapered pin may not provide the needed 
contact to all of the secondary holes in the objects. 
0053. The different advantageous embodiments also rec 
ognize and take into account that increasing the diameter of 
one or more holes in the objects may permit a locating pin to 
enter the secondary holes. These larger hole diameters, how 
ever, may result in a loss of accuracy in aligning or position 
ing parts with respect to each other. 
0054 Thus, the different advantageous embodiments pro 
vide a method and apparatus for aligning holes. In one advan 
tageous embodiment, an apparatus may have a segment, a 
cross-section in the segment having an elliptical shape, and a 
Surface of the segment having a portion of the Surface con 
figured to align the secondary holes when the segment is 
inserted into the secondary holes. 
0055. In another advantageous embodiment, an apparatus 
may comprise a segment and a cross-section in the segment 
having a number of portions alternating between curved sec 
tions and angled sections. The apparatus also may have a 
surface. Portions of the surface corresponding to the curved 
sections are configured to align the secondary holes in a 
plurality of objects when the segment is inserted into the 
secondary holes. 
0056. With reference now to FIG. 3, an illustration of a 
manufacturing environment is depicted in accordance with an 
advantageous embodiment. Manufacturing environment 300 
is an example of an environment that may be used to assemble 
parts 302 for structure 306. Structure 306 may be a structure 
in a platform Such as, for example, without limitation, aircraft 
200 in FIG. 2. 

0057. In this illustrative example, plurality of objects 304 
may be used to assemble structure 306. Plurality of objects 
304 may be, for example, without limitation, plurality of parts 
308 for structure 306. In other advantageous embodiments, 
plurality of objects 304 may be number of parts 310 and 
number of tools 312. As depicted, number of tools 312 may be 
used to perform operations 313 on number of parts 310 for 
Structure 306. 

0058. In these illustrative examples, plurality of objects 
304 may have holes 314. Holes 314 may include, without 
limitation, primary holes 316 and secondary holes 318. 
0059 For example, without limitation, object 320 in plu 
rality of objects 304 may have primary hole 322 and second 
ary hole 324. Object 326 in plurality of objects 304 may have 
primary hole 328 and secondary hole 330. Alignment of 
object 320 to object 326 may be performed by placing object 
320 onto object 326. Primary hole 322 may be aligned with 
primary hole 328. Alignment of these holes may form axis 
332. Object 320 may be rotated relative to object 326 about 
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axis 332 to align secondary hole 324 with secondary hole 330. 
When these holes are aligned, object 320 may be considered 
to be aligned with object 326. 
0060. In these illustrative examples, pin 334 may be 
placed through primary hole 322 and primary hole 328. With 
pin 334 placed through primary hole 322 and primary hole 
328, object 320 and object 326 may be moved relative to each 
other about axis 332. Alignment of secondary hole 324 and 
secondary hole 330 may be made more difficult if variations 
336 are present in either secondary hole 324 or secondary 
hole 330. 

0061. In other words, when secondary hole 324 is aligned 
with secondary hole 330, channel 338, formed by secondary 
hole 324 and secondary hole 330, may have non-uniform 
shape 340. For example, without limitation, non-uniform 
shape 340 may be elliptical shape 342 having major diameter 
344 and minor diameter 346. Non-uniform shape 340 may 
increase the difficulty in aligning secondary hole 324 with 
secondary hole 330 using a pin similar to pin 334. 
0062. The different advantageous embodiments may pro 
vide a capability to prevent undesired rotation or movement 
about axis 332 between object 320 and object 326 when 
secondary hole 324 is aligned with secondary hole 330. In 
these illustrative examples, locating pin 348 may be placed 
into channel 338 in a manner that may prevent rotation or 
movement of object 320 and/or object 326 relative to each 
other about axis 332. 

0063. In these illustrative examples, locating pin 348 may 
have segment 350 and handle 352. Segment 350 may have 
first end 354 and second end 356. First end 354 may be 
associated with handle 352. A first component may be con 
sidered associated with a second component by being secured 
to the second component, bonded to the second component, 
fastened to the second component, and/or connected to the 
second component in Some other Suitable manner. A first 
component also may be considered to be associated with a 
second component by being formed as part of and/or an 
extension of the second component. 
0064 Second end 356 may be placed into secondary holes 
318. For example, without limitation, second end 356 may be 
placed into channel 338 formed by secondary hole 324 and 
secondary hole 330. 
0065. Segment 350 may have cross section 358 and sur 
face 360. Cross section 358 may have elliptical shape 362. 
Elliptical shape 362 may have major diameter 364 and minor 
diameter 368. Segment 350 may be constant and/or may be 
tapered. In other words, cross section 358 may decrease in 
size from first end 354 to second end 356. Second end 356 
may have conical shape 370, bullet shape 372, and/or some 
other suitable shape. 
0066 Further, handle 352 may have indicating feature 
374. Indicating feature 374 may indicate desired direction 
376. Desired direction 376 may be a desired direction for 
force 378 that may be applied by number of portions 380 of 
surface 360. Number of portions 380 may be non-contiguous 
in these illustrative examples. 
0067. In these illustrative examples, indicating feature 374 
may take various forms. For example, indicating feature 374 
may be, without limitation, a handle, holes, a flat surface, 
and/or some other Suitable indicating feature. 
0068. In the different illustrative examples, number of por 
tions 380 of surface 360 may correspond to major diameter 
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364. As a result, number of portions 380 of surface 360 may 
contact portions of channel 338 corresponding to major diam 
eter 364. 
0069. In another advantageous embodiment, locating pin 
348 may have segment 382. In this illustrative example, seg 
ment 382 may have first end 384 and second end 386. First 
end 384 may be associated with handle352. In this illustrative 
example, segment 382 may have cross section 388 and sur 
face 390. Cross section 388 may have sections 392. Sections 
392 may alternate between curved sections 394 and angled 
sections 396. Further, cross section 388 may have major 
diameter 395 and minor diameter 397. In these examples, 
minor diameter 397 may correspond to angled sections 396, 
while major diameter 395 may correspond to curved sections 
394. Further, minor diameter 397 may be configured to allow 
insertion of locating pin 348 into a portion of channel 338 
having smallest diameter distance across channel 338. 
(0070 Second end 386 may be placed into channel 338. 
Second end 386 also may have conical shape 370, bullet 
shape 372, and/or some other suitable shape. 
0071. In these illustrative examples, angled sections 396 
may be configured to align secondary holes 318 when seg 
ment 382 is placed into secondary holes 318 in plurality of 
objects 304. In these illustrative examples, angled sections 
396 have edges 398, which may contact secondary holes 318. 
Edges 398 may provide force 378 in desired direction 376 on 
secondary holes 318. Further, cross section 388 also may 
taper within segment 382. In this manner, locating pin 348 
may enter secondary holes 318 with either segment 382 or 
segment 350. 
0072 Insertion of locating pin 348 with segment 350 into 
secondary holes 318 may allow rotation or movement of 
locating pin 348 to align secondary holes 318. In these 
examples, plurality of objects 304 may be moved relative to 
each other about axis 332. This movement may be performed 
to align secondary holes 318 using locating pin 348. The 
alignment of secondary holes 318 may align plurality of 
objects 304 with each other. 
(0073. Number of portions 380 of surface 360 correspond 
ing to major diameter 364 may be used to align secondary 
holes 318 in desired direction 376. Minor diameter 368 may 
provide Sufficient clearance to take into account variations 
336. 

0074 Curved sections 394 corresponding to major diam 
eter 395 for segment 382 may be used to align secondary 
holes 318 in desired direction 376. Angled sections 396 with 
edges 398 corresponding to minor diameter 397 may provide 
sufficient clearance to accommodate for variations 336 in 
secondary holes 318. 
0075. The illustration of manufacturing environment 300 
in FIG. 3 is not meant to imply physical or architectural 
limitations to the manner in which different advantageous 
embodiments may be implemented. Other components in 
addition to and/or in place of the ones illustrated may be used. 
Some components may be unnecessary in some advanta 
geous embodiments. Also, the blocks are presented to illus 
trate some functional components. One or more of these 
blocks may be combined and/or divided into different blocks 
when implemented in different advantageous embodiments. 
0076 For example, in some advantageous embodiments, 
pin 334 may be implemented using locating pin 348. In yet 
other advantageous embodiments, more than two objects may 
be present in addition to those illustrated in the depicted 
examples. In yet other advantageous embodiments, each 
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object may have more than one secondary hole, depending on 
the particular implementation. 
0077. In the different advantageous embodiments, a num 
ber of materials may be used for locating pin 348. For 
example, without limitation, when locating hard materials 
unlikely to be damaged by hard metal pins, locating pin 348 
may be made of carbon Steel, stainless steel, and/or some 
other suitable form of steel or metal. In other examples, when 
locating softer materials, brass and/or aluminum may be used 
in locating pin 348. In still other examples, locating pin 348 
may be made of plastic and/or some other Suitable material 
when locating lightweight objects made of fragile materials. 
0078. With reference now to FIG. 4, an illustration of a 
locating pin is depicted in accordance with an advantageous 
embodiment. In this illustrative example, locating pin 400 
may be an example of one implementation of locating pin 348 
in FIG.3. Locating pin 400 may have segment 402 and handle 
404. Segment 402 may have first end 406 and second end 408. 
First end 406 may be associated with handle 404. 
0079. In this example, segment 402 may have surface 410. 
As can be seen in this example, segment 402 may be associ 
ated with handle 404. Section 411 of segment 402 may have 
elliptical shape 412. Second end 408 may have bullet shape 
414 in this illustrative example. Of course, other shapes may 
be used, depending on the particular implementation. As 
depicted, segment 402 may be tapered from first end 406 to 
second end 408. Segment 402 may have diameter 416, which 
may become Smaller as segment 402 tapers. In this illustrative 
example, segment 402 may become smaller in the direction of 
arrow 418. 

0080 Diameter 416 at location 420 may be selected to 
provide a capability to engage a largest hole in the secondary 
holes, while diameter 416 at location 422 may be selected to 
allow entry and locating of a portion of a channel having a 
smallest diameter in the channel formed by the secondary 
holes. The channel may be smaller in distance than the sec 
ondary holes. This difference in diameter of the channel and 
the secondary holes may be caused by misalignment of the 
secondary holes. 
0081. In this illustrative example, segment 402 may not 
have elliptical shape 412 throughout segment 402. For 
example, section 424 may have cylindrical shape 426, while 
section 428 provides a transition between cylindrical shape 
426 in section 424 and elliptical shape 412 in section 411. In 
this illustrative example, handle 404 has indicating feature 
432. Indicating feature 432 may be rod 434. Of course, other 
types of indicating features may be used, such as holes, flat 
sections, color, or other Suitable indicators. 
0082 Turning now to FIG. 5, an illustration of a top view 
of locating pin 400 is depicted in accordance with an advan 
tageous embodiment. With reference next to FIG. 6, an illus 
tration of a side view of locating pin 400 is depicted in 
accordance with an advantageous embodiment. 
0083 Turning now to FIG. 7, an illustration of a view of 
one end of a locating pin is depicted in accordance with an 
advantageous embodiment. In this example, locating pin 400 
may be seen from second end 408. 
0084. With reference now to FIG. 8, an illustration of a 
cross-sectional view of a locating pin is depicted in accor 
dance with an advantageous embodiment. In this example, 
locating pin 400 is a cross-sectional view taken along lines 
8-8. 

0085. As can be seen in this example, cross section 800 
may have major diameter 802 and minor diameter 804. Major 
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diameter 802 may be aligned with rod 434 on handle 404. As 
illustrated, rod 434 and major diameter 802 may be substan 
tially perpendicular to line 806, which, when inserted in the 
secondary holes, may be a line extending between primary 
holes 316 and secondary holes 318 in FIG. 3. 
I0086 Turning now to FIG.9, an illustration of a locating 
pin is depicted in accordance with an advantageous embodi 
ment. In this example, locating pin 900 is an example of one 
implementation of locating pin 348 in FIG.3. In this example, 
locating pin 900 may have segment 902 and handle 904. 
Segment 902 may be associated with handle 904. Segment 
902 may have first end 906 and second end 908. First end 906 
may be associated with handle 904. 
I0087. Second end 908 may have bullet shape 912 in this 
example. Segment 902 may have surface 915. As can be seen 
in this view, segment 902 has curved section 914 and angled 
section 916. An additional curved section and angled section 
may be present, but not seen in this view. 
I0088 Also, segment 902 may have diameter 918, which 
may decrease in size in the direction of arrow 920. Diameter 
918 may be selected to provide a capability to locate and/or 
maintain alignment of a largest hole in a secondary hole at 
around location 921. Diameter 918 may be selected to have a 
size that provides a capability to allow entry of segment 902 
and maintain alignment of a portion of a channel having a 
smallest diameter in the channel formed by the secondary 
holes at around location 922. 
I0089. In this example, portion 932 may contain curved 
section 914 and angled section 916. Portion 926 of segment 
902 may have cylindrical shape 928. Further, handle 904 may 
have indicating feature 930. In this example, indicating fea 
ture 93.0 may take the form of rod 934. 
0090. With reference now to FIG. 10, an illustration of a 
top view of locating pin 900 is depicted in accordance with an 
advantageous embodiment. In this view, angled section 1000 
also may be seen in addition to angled section 916. Turning 
now to FIG. 11, an illustration of a side view of locating pin 
900 is depicted in accordance with an advantageous embodi 
ment. 

0091. With reference next to FIG. 12, an illustration of a 
cross-sectional view of a locating pin is depicted in accor 
dance with an advantageous embodiment. In this example, 
locating pin 900 is seen in a cross-sectional view taken along 
lines 12-12 in FIG. 10. 
0092. In this cross-sectional view, curved section 1200 
may be seen in addition to curved section 914. Surface 915 
may alternate between a curved section and an angled section. 
As illustrated in this view, angled section 916 may have angle 
1201 of around 130 degrees measured between lines 1202 and 
1204. In other advantageous embodiments, angle 1201 may 
be some other angle. Further, in this view, major diameter 
1206 and minor diameter 1208 may be seen. 
0093 Turning now to FIG. 13, an illustration of a cross 
sectional view of another portion of a locating pin is depicted 
in accordance with an advantageous embodiment. In this 
depicted example, locating pin 900 may be seen in a cross 
sectional view taken along lines 13-13 in FIG. 10. 
0094. In this illustrative example, locating pin 900 may 
have major diameter 1300 and minor diameter 1302. Major 
diameter 1300 may be smaller than major diameter 1206. 
Minor diameter 1302 also may be smaller than minor diam 
eter 1208. 

0.095 Rod 434 (not shown) may be in alignment with 
major diameter 1206 and major diameter 1300. Major diam 
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eter 1300 may be aligned with curved section 914 and curved 
section 1200. Minor diameter 1302 may be aligned with 
angled section 916 and angled section 902. 
0096 Turning now to FIG. 14, an illustration of an object 

is depicted in accordance with an advantageous embodiment. 
In this illustrative example, object 1400 is an example of one 
implementation for an object in plurality of objects 304 in 
FIG. 3. 

0097. Object 1400 may take the form of part 1402 in this 
illustrative example. Part 1402 may have primary hole 1404 
and secondary hole 1406. Primary hole 1404 may have center 
1408, and secondary hole 1406 may have center 1410. 
0098. With reference next to FIG. 15, an illustration of an 
object is depicted in accordance with an advantageous 
embodiment. In this example, object 1500 is an example of an 
implementation of an object within plurality of objects 304 in 
FIG. 3. 

0099. In this example, object 1500 may have primary hole 
1504 and secondary hole 1506. Primary hole 1504 may have 
center 1508, and secondary hole 1506 may have center 1510. 
0100 Turning next to FIG.16, an illustration of objects for 
alignment is depicted in accordance with an advantageous 
embodiment. In this illustrative example, object 1500 has 
been placed over object 1400. As can be seen, primary hole 
1404 and primary hole 1504 form primary holes 1600. Sec 
ondary hole 1406 and secondary hole 1506 form secondary 
holes 1602. 

0101 Center 1408 of primary hole 1404 and center 1508 
of primary hole 1504 may be aligned with each other in this 
example. In other words, center 1408 and center 1508 may be 
substantially collinear. Center 1410 of secondary hole 1406 
and center 1510 of secondary hole 1506 may not align with 
each other. In other words, center 1410 and center 1510 may 
not be substantially collinear. As can be seen in this example, 
secondary holes 1602 may form channel 1604. 
0102. In this example, pin 334 (not shown) may be placed 
into primary holes 1600, and locating pin 348 (not shown) 
may be placed into channel 1604 formed by secondary holes 
1602 to align object 1400 with object 1500. In this illustrative 
example, axis 1606 may extend through center 1408 in pri 
mary hole 1404 and center 1508 in primary hole 1504. Line 
1608 may be a line extending from axis 1606 to substantially 
center 1408 and center 1508. 

0103 Rotation about axis 1606 in the direction of arrow 
1610 may be possible after pin 334 is placed into primary 
holes 1600. Alignment and maintaining alignment between 
object 1400 and object 1500 may be performed by inserting 
locating pin 348 into channel 1604 formed by secondary 
holes 1602. 

0104. With reference now to FIG. 17, an illustration of a 
cross-sectional view of a locating pin in secondary holes is 
depicted in accordance with an advantageous embodiment. In 
this illustrative example, a cross-sectional view of locating 
pin 400 located within secondary holes 1602 is depicted in 
accordance with an advantageous embodiment. As can be 
seen in this illustrative example, portion 411 of surface 1706 
may contact walls 1700 of secondary holes 1602. 
0105. As can be seen in this example, major diameter 802 
may be aligned with line 1702 and may constrain rotation 
about the axis in primary locating holes 1600 as depicted in 
FIG. 16. This axis (not shown) may be an axis substantially 
collinear with center 1408 of primary hole 1404 and center 
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1508 of primary hole 1504. Minor diameter 804 in locating 
pin 400 may provide a capability to avoid variations 1704 in 
the secondary holes. 
01.06 With reference now to FIG. 18, an illustration of a 
cross section of a locating pin in secondary holes is depicted 
in accordance with an advantageous embodiment. In this 
illustrative example, a cross-sectional view of locating pin 
900 in secondary holes 1602 may be seen. In this example, 
major diameter 1206 may be aligned with line 1800, which 
may be perpendicular to line 1608 between primary holes 
1600 and secondary holes 1602. As can be seen, curved 
section 914 and curved section 1200 may contact walls 1802 
in secondary holes 1602. 
0107 Turning now to FIG. 19, an illustration of a flow 
chart of a process for aligning objects is depicted in accor 
dance with an advantageous embodiment. The process illus 
trated in FIG. 19 may be implemented in manufacturing 
environment 300 in FIG. 3. 
0108. The process may begin by positioning plurality of 
objects 304 relative to each other such that primary holes 316 
are substantially aligned (operation 1900). The process may 
then insert pin 334 into primary holes 316 (operation 1902). 
Thereafter, plurality of objects 304 may be manipulated to 
substantially align secondary holes 318 with each other (op 
eration 1904). Locating pin 348 may then be inserted into 
channel 338 in secondary holes 318 to align plurality of 
objects 304 with each other (operation 1906). Indicating fea 
ture 374 may be positioned to best align plurality of objects 
304. The process may then perform operations on plurality of 
objects 304 (operation 1908), with the process terminating 
thereafter. 
0109 The flowcharts and block diagrams in the different 
depicted embodiments illustrate the architecture, functional 
ity, and operation of some possible implementations of appa 
ratus and methods in different advantageous embodiments. In 
this regard, each block in the flowchart or block diagrams may 
represent a module, segment, function, and/or a portion of an 
operation or step. In some alternative implementations, the 
function or functions noted in the block may occur out of the 
order noted in the figures. For example, in Some cases, two 
blocks shown in Succession may be executed Substantially 
concurrently, or the blocks may sometimes be executed in the 
reverse order, depending upon the functionality involved. 
0110. The description of the different advantageous 
embodiments has been presented for purposes of illustration 
and description, and it is not intended to be exhaustive or 
limited to the embodiments in the form disclosed. Many 
modifications and variations will be apparent to those of 
ordinary skill in the art. 
0111 Although the different advantageous embodiments 
have been described with respect to aircraft, the different 
advantageous embodiments also recognize that some advan 
tageous embodiments may be applied to other types of plat 
forms. For example, without limitation, other advantageous 
embodiments may be applied to a mobile platform, a station 
ary platform, a land-based structure, an aquatic-based struc 
ture, a space-based structure, and/or some other Suitable 
object. More specifically, the different advantageous embodi 
ments may be applied to, for example, without limitation, a 
Surface ship, an engine, a wing, a wheel, a door, a tank, a 
personnel carrier, a train, a spacecraft, a space station, a 
satellite, a Submarine, an automobile, a powerplant, a bridge, 
a dam, a manufacturing facility, a building, and/or some other 
suitable object. 
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0112 Further, different advantageous embodiments may 
provide different advantages as compared to other advanta 
geous embodiments. The embodiment or embodiments 
selected are chosen and described in order to best explain the 
principles of the embodiments, the practical application, and 
to enable others of ordinary skill in the art to understand the 
disclosure for various embodiments with various modifica 
tions as are Suited to the particular use contemplated. 
What is claimed is: 
1. A method for aligning a plurality of objects, the method 

comprising: 
positioning a locating pin relative to secondary holes in a 

plurality of objects in which the locating pin comprises 
a segment with a cross section having an elliptical shape 
and a surface; and 

inserting the locating pin into the secondary holes in which 
a number of portions of the Surface align the secondary 
holes to align the plurality of objects. 

2. The method of claim 1 further comprising: 
placing a first pin into primary holes in the plurality of 

objects. 
3. The method of claim 1, wherein the positioning step 

comprises: 
rotating the locatingpin Such that the number of portions of 

the Surface on the segment applies a force on walls of the 
secondary holes to align the secondary holes in a desired 
direction. 

4. The method of claim 3 further comprising: 
performing the rotating step prior to inserting the locating 

pin into the secondary holes, while inserting the locating 
pin into the secondary holes, or after the locating pins 
has been inserted into the secondary holes. 

5. The method of claim 2 further comprising: 
performing a number of operations on the plurality of 

objects with the first pin inserted into the primary holes 
and the locating pin inserted in the secondary holes. 

6. The method of claim 2, wherein the locating pin prevents 
rotation of any of the plurality of objects about a centerline 
axis through the primary holes. 

7. The method of claim 1, wherein a diameter of the locat 
ing pin has a major diameter and a minor diameter. 

8. The method of claim 7, wherein the number of portions 
of the surface is formed by the major diameter. 

9. The method of claim 1, wherein the locating pin further 
comprises: 

an indicating feature associated with the segment, wherein 
the indicating feature is configured to indicate a direc 
tion in which the Surface aligns the secondary holes. 

10. The method of claim 1, wherein the segment is tapered 
from a first end of the segment to a second end of the segment. 

11. The method of claim 10, wherein a major diameter of 
the cross section at around the first end is configured to be 
inserted into a largest secondary hole in the secondary holes. 

12. The method of claim 10, wherein a minor diameter of 
the cross section at around the second end is configured to be 
inserted into a portion of a channel having a smallest diameter 
in the channel formed by the secondary holes. 

13. The method of claim 10, wherein the second end has a 
shape selected from one of a bullet shape and a conical shape. 

14. The method of claim 1, wherein the plurality of objects 
is selected from at least one of a part and a tool. 

15. The method of claim 1, wherein the plurality of objects 
is for an object selected from one of a mobile platform, a 
stationary platform, a land-based structure, an aquatic-based 
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structure, a space-based structure, an aircraft, a Surface ship, 
an engine, a wing, a wheel, a door, a tank, a personnel carrier, 
a train, a spacecraft, a space station, a satellite, a Submarine, 
an automobile, a power plant, a bridge, a dam, a manufactur 
ing facility, and a building. 

16. A method for aligning objects, the method comprising: 
positioning a locating pin relative to secondary holes in a 

plurality of objects in which the locating pin comprises 
a segment and an indicating feature associated with the 
segment; the segment has a cross section with an ellip 
tical shape and a Surface, the segment is tapered from a 
first end of the segment to a second end of the segment, 
the second end has a shape selected from one of a bullet 
shape and a conical shape, the indicating feature is con 
figured to indicate a direction Such that the Surface aligns 
the secondary holes, a diameter of the locating pin has a 
major diameter and a minor diameter, a number of por 
tions of the surface is formed by the major diameter, the 
major diameter of the cross section at around the first end 
is configured to be inserted into a largest secondary hole 
in the secondary holes, and the minor diameter of the 
cross sectionataround the second end is configured to be 
inserted into a portion of a channel having a smallest 
diameter in the channel formed by the secondary holes; 

inserting the locating pin into the secondary holes, in which 
the number of portions of the Surface align the secondary 
holes; 

placing a first pin into primary holes in the plurality of 
objects in which the locating pin prevents rotation of any 
of the plurality of objects about a centerline axis through 
the primary holes; and 

performing a number of operations on the plurality of 
objects with the first pin inserted into the primary holes 
and the locating pin inserted into the secondary holes. 

17. An apparatus comprising: 
a Segment; 
a cross section in the segment having an elliptical shape; 

and 
a Surface of the segment having a number of portions of the 

Surface configured to align secondary holes in a plurality 
of objects when the segment is in the secondary holes. 

18. The apparatus of claim 17, wherein the number of 
portions of the Surface is configured to apply a force on walls 
of the secondary holes to align the secondary holes in a 
desired direction. 

19. The apparatus of claim 17, wherein the segment is 
configured to prevent rotation of any of the plurality of objects 
about a centerline axis through primary holes in the plurality 
of objects. 

20. The apparatus of claim 17, wherein the cross section in 
the segment has a major diameter and a minor diameter. 

21. The apparatus of claim 20, wherein the number of 
portions of the surface is relative to the major diameter. 

22. The apparatus of claim 17 further comprising: 
an indicating feature associated with the segment, wherein 

the indicating feature is configured to indicate a direc 
tion in which the number of portions of the surface aligns 
the secondary holes. 

23. The apparatus of claim 17, wherein the segment is 
tapered from a first end of the segment to a second end of the 
Segment. 

24. The apparatus of claim 23, wherein a major diameter of 
the cross section at around the first end is configured to be 
inserted into a largest secondary hole in the secondary holes. 
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25. The apparatus of claim 23, wherein a minor diameter of 
the cross section at around the second end is configured to be 
inserted into a portion of a channel having a smallest diameter 
in the channel formed by the secondary holes. 

26. The apparatus of claim 23, wherein the second end has 
a shape selected from one of a bullet shape and a conical 
shape. 

27. The apparatus of claim 19 further comprising: 
a pin configured to be inserted into the primary holes in the 

plurality of objects. 
28. The apparatus of claim 17, wherein the plurality of 

objects is selected from at least one of a part and a tool. 
29. The apparatus of claim 17, wherein the plurality of 

objects is for an object selected from one of a mobile plat 
form, a stationary platform, a land-based structure, an 
aquatic-based structure, a space-based structure, an aircraft, a 
Surface ship, an engine, a wing, a wheel, a door, a tank, a 
personnel carrier, a train, a spacecraft, a space station, a 
satellite, a Submarine, an automobile, a power plant, a bridge, 
a dam, a manufacturing facility, and a building. 

30. An apparatus for aligning objects, the apparatus com 
prising: 

a segment in which the segment is tapered from a first end 
of the segment to a second end of the segment, and the 
second end has a shape selected from one of a bullet 
shape and a conical shape; 
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a cross section in the segment having an elliptical shape in 
which the cross section has a major diameter and a minor 
diameter, the major diameter of the cross section at 
around the first end is configured to be inserted into a 
largest secondary hole in secondary holes in a plurality 
of objects, and the minor diameter of the cross section at 
around the second end is configured to be inserted into a 
portion of a channel having a smallest diameter in the 
channel formed by the secondary holes; 

a surface of the segment in which a number of portions of 
the Surface is configured to align the secondary holes to 
align the plurality of objects when the segment in a 
plurality of objects is in the secondary holes, the number 
of portions of the surface is relative to the major diam 
eter, the number of portions of the surface is configured 
to apply a force on walls of the secondary holes to align 
the secondary holes in a desired direction, and the seg 
ment is configured to prevent rotation of any of the 
plurality of objects about a centerline axis through pri 
mary holes in the plurality of objects: 

an indicating feature associated with the segment in which 
the indicating feature is configured to indicate a direc 
tion such that the number of portions of the surface 
aligns the secondary holes; and 

a pin configured to be inserted into the primary holes in the 
plurality of objects. 
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